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Received October 9, 2012; accepted December 28, 2012AbstractBackground: Time-of-flight (TOF) magnetic resonance (MR) angiography is based on flow-related enhancement using the T1-weighted spoiled
gradient echo, or the fast low-angle shot gradient echo sequence. However, materials with short T1 relaxation times may show hyperintensity
signals and contaminate the TOF images. The objective of our study was to determine whether subtraction three-dimensional (3D) TOF MR
angiography improves image quality in brain and temporal bone diseases with unwanted contaminations with short T1 relaxation times.
Methods: During the 12-month study period, patients who had masses with short T1 relaxation times noted on precontrast T1-weighted brain MR
images and 24 healthy volunteers were scanned using conventional and subtraction 3D TOF MR angiography. The qualitative evaluation of each
MR angiogram was based on signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR) and scores in three categories, namely, (1) presence of
misregistration artifacts, (2) ability to display arterial anatomy selectively (without contamination by materials with short T1 relaxation times),
and (3) arterial flow-related enhancement.
Results: We included 12 patients with intracranial hematomas, brain tumors, or middle-ear cholesterol granulomas. Subtraction 3D TOF MR
angiography yielded higher CNRs between the area of the basilar artery (BA) and normal-appearing parenchyma of the brain and lower SNRs in
the area of the BA compared with the conventional technique (147.7  77.6 vs. 130.6  54.2, p < 0.003 and 162.5  79.9 vs. 194.3  62.3,
p < 0.001, respectively) in all 36 cases. The 3D subtraction angiography did not deteriorate image quality with misregistration artifacts and
showed a better selective display of arteries ( p < 0.0001) and arterial flow-related enhancement ( p < 0.044) than the conventional method.
Conclusion: Subtraction 3D TOF MR angiography is more appropriate than the conventional method in improving the image quality in brain and
temporal bone diseases with unwanted contaminations with short T1 relaxation times.
Copyright  2013 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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Time-of-flight (TOF) magnetic resonance (MR) angiog-
raphy is based on flow-related enhancement using the T1-
weighted spoiled gradient echo or the fast low-angle shot
gradient echo sequence. The technique is used widely and is
considered an effective approach for imaging intracranial
blood vessels.1,2 However, materials with short T1 relaxation
times may show hyperintensity signals and contaminate the
TOF images.3 Although not commonly used, a subtraction
method has been introduced to remove hyperintense subacute
hematoma from TOF MR angiographic images.4 The purpose
of this study was to investigate whether the subtraction method
in three-dimensional (3D) TOF MR angiography can suc-
cessfully remove unwanted contaminations in various brain
and temporal bone conditions.
2. Methods2.1. Patients and study protocolPatients who had masses with short T1 relaxation times
noted on precontrast T1-weighted brain MR images and 24
healthy volunteers were included in this 12-month prospective
study. The study was approved by the Institutional Review
Board of our hospital and written informed consent was ob-
tained from all patients or their families.
All imaging examinations were performed with 1.5-T MR
imagers (MAGNETOM Sonata, Siemens Medical Solutions,
Erlangen, Germany, or Signa Horizon EchoSpeed, General
Electric Medical Systems, Milwaukee, WI, USA) equipped
with high-performance three-axis gradient systems. To obtain
useful data we instructed patients on how to minimize head
movements before MR scans. If needed, suitable sedation was
achieved by following the general procedure in our hospital.
The scan protocol included T1-weighted, T2-weighted, fluid
attenuation inversion recovery, and diffusion-weighted
imaging and both conventional and subtraction 3D TOF
MR angiography sequences. Contrast-enhanced magnetic
resonance imaging (MRI) and contrast-enhanced MR angi-
ography were used, if indicated.2.2. 3D TOF MR angiography protocolConventional 3D TOF MR angiography was performed
with multiple thin axial slabs. The imaging parameters for the
3D TOF MR angiogram pulse sequence were repetition time/
echo time, 37/7.2 ms; flip angle, 25; slice per slab, 32; slice
thickness, 1.1 mm; matrix size, 512  192; field of view,
220  165 mm; receiver bandwidth, 65 Hz/Px; number of
excitations, 1; number of slabs, 3; acquisition time, 5.5 mi-
nutes. Flow compensation was used to minimize flow-related
signal voids in the vessels. Magnetization transfer saturation
was used to selectively saturate the static tissue and thus in-
crease the vessel-to-background contrast.5,6 Multiple over-
lapping thin-slab acquisition was performed sequentially to
reduce the progressive saturation that occurs in the bloodduring its passage through the imaging slab.1,7,8 Ramped
radio-frequency excitation pulses with tilted optimized non-
saturating excitation were used to increase the flip angle across
the 3D acquisition volume.9,10 In addition, superior spatial
saturation slabs were added to remove the contamination of
venous flow.
A second set of MR angiograms was then acquired by
repeating the data-acquisition procedure using the same pulse
sequence and imaging parameters and identical slice locations,
except that double (both superior and inferior) spatial satura-
tion slabs were added. The double spatial saturation slabs were
designed to create flow voids of all head blood vessels in the
second set of MR angiograms.42.3. Image postprocessingAfter data acquisition, the first set of conventional 3D TOF
MR angiographic source images was subtracted from the
second on a pixel-by-pixel basis using workstations provided
by the manufacturers of the MR systems. This produced a
third set of subtracted source images. The first and third sets
were reconstructed with maximum-intensity-projection im-
ages in different views to obtain a conventional 3D TOF MR
angiogram image and a subtraction 3D TOF MR angiogram
image. All of the source and reconstructed images were sent to
the hospital’s picture archiving and communication systems
for archiving and future review. There was no rudimentary
image registration technique before image subtraction in our
postprocessing program.2.4. Image evaluation and data analysisTo evaluate objectively the quality of the 3D TOF MR
angiographic maximum-intensity-projection images, signal-to-
noise ratios (SNRs) and contrast-to-noise ratios (CNRs) were
calculated on the basis of signal intensity (SI) measurements
in manually drawn regions of interest (ROIs). ROIs were
placed by an MR technician in areas of the basilar artery (BA)
and normal-appearing parenchyma (NAP) of the brain, and the
air outside the object. Noise (N) was defined as the standard
deviation of the SI within air. The SNR and CNR values were
calculated from the following equations: SNR ¼ SIBA/N and
CNR ¼ (SIBA  SINAP)/N, where SIBA is SI in the area of the
BA, SINAP is SI in the NAP of the brain, and N is noise.
To assess the quality of the 3D TOF MR angiographic
maximum-intensity-projection images subjectively, images
presented in a randomized fashion were reviewed separately
by two neuroradiologists. Qualitative evaluation was based on
modified criteria originally designed to evaluate contrast-
enhanced MR angiograms.11 The criteria were (1) presence
of misregistration artifacts, (2) ability to display arterial
anatomy selectively (without contamination by materials with
short T1 relaxation times), and (3) arterial flow-related
enhancement. For misregistration artifacts, images were
assigned a score of 0 if there were no artifacts, 1 if artifacts
were present but did not have a negative effect on the diag-
nosis, and 2 if they were present and did have a negative effect
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contamination, images were assigned a score of 0 if there was
no contamination, 1 if there was contamination but it did not
have a negative effect on the diagnosis, and 2 if there was
contamination and it did have a negative effect on the diag-
nosis. For the arterial flow-related enhancement, images were
assigned a score of 0 if flow-related enhancement was good, 1
if it was moderate, and 2 if it was poor. The two observers had
the opportunity to review other MR images of cases in the
scoring program when needed.2.5. Statistical analysisA statistician using standard statistical software (SPSS
version 15.0 for Microsoft Windows, SPSS Inc., Chicago, IL,
USA) performed the statistical analysis for this study. In the
objective evaluation of quality, data are presented as
means  standard deviations. A paired t test was used to
analyze observed differences. An analysis of interobserver
agreement of qualitative variables was assessed by the kappa
agreement test.12 Mean scores data from the two observers
were used for further analysis. The statistical significance of
differences between conventional and subtraction 3D TOF MR
angiography was established using the Wilcoxon signed-rank
test in the qualitative evaluation.
3. Results
All imaging examinations, using both conventional 3D
TOF MR angiography and subtraction 3D TOF MR angiog-
raphy, were successfully completed. The study included 12
patients (six men and six women) with a mean age of 39.2
years (range: 1e82 years) and documented intracranial or
temporal bone diseases (Table 1), and 24 healthy volunteers
(11 men and 13 women) with a mean age of 55.2 years (range:
10e81 years) in our hospital. Seven patients had intracranial
hematomas (Cases 2e6, 9, and 11) (Fig. 1), three had para-
sellar brain tumors (Cases 8, 10, and 12) (Fig. 2), and two had
cholesterol granulomas of the middle ear (Cases 1 and 7)Table 1
Summary of patient data and imaging findings in 12 patients.
Case Number Gender/age (y) Imaging findings
1 Female/15 Cholesterol granuloma,
temporal bone
2 Male/82 Intracerebral hemorrhage
3 Male/53 Intracerebral hemorrhage
4 Male/40 Intracerebral hemorrhage
5 Female/33 Intracerebral hemorrhage
6 Male/52 Intracerebral hemorrhage
7 Female/13 Cholesterol granuloma,
temporal bone
8 Female/49 Parasellar tumor
9 Male/65 Intracerebral hemorrhage
10 Female/11 Parasellar tumor
11 Male/1 Intracerebral hemorrhage and
subdural hematoma
12 Female/44 Parasellar tumor(Fig. 3). Using the subtraction technique, hyperintense he-
matomas and parasellar tumors or cholesterol granulomas with
short T1 relaxation times and nonvascular natures were
adequately removed from 3D TOF MR angiographic images.
The circle of Willis can then be evaluated better.3.1. Objective comparison of image quality between
conventional and subtraction TOF MR angiographyThe results of SNR and CNR calculations for conventional
and subtraction 3D TOF MR angiography are shown in Table
2. Subtraction 3D TOF MR angiography yielded significantly
diminished SI in the area of the BA and NAP of the brain, and
decreased noise compared with conventional 3D TOF MR
angiography ( p < 0.001). Subtraction 3D TOF MR angiog-
raphy yielded significantly poorer SNR in the area of the BA
compared with conventional 3D TOF MR angiography
(162.5  79.9 vs. 194.3  62.3, p < 0.001). CNR measure-
ments demonstrated a significantly higher contrast between the
area of the BA and NAP of the brain with subtraction 3D TOF
MR angiography compared with conventional 3D TOF MR
angiography (147.7  77.6 vs. 130.6  54.2, p < 0.003).3.2. Evaluating interobserver agreement in image
qualityInterobserver agreement on the qualitative variables for the
images (kappa index) is shown in Table 3. Interobserver
agreement was perfect with respect to misregistration artifacts
in both conventional and subtraction 3D TOF MR angiography
(k ¼ 1.000); the data from the two neuroradiologists were
completely identical. Interobserver agreement was substantial
with respect to selective display of arteries (k ¼ 0.649 and
0.776 for conventional and subtraction 3D TOF MR angiog-
raphy, respectively; substantial agreement). Interobserver
agreement was moderate with respect to arterial flow-related
enhancement (k ¼ 0.490 and 0.488 for conventional and
subtraction 3D TOF MR angiography, respectively; moderate
agreement).3.3. Subjective comparison of image quality between
conventional and subtraction TOF MR angiographyQualitative results for conventional and subtraction 3D
TOF MR angiography are shown in Table 4. Because con-
ventional 3D TOF MR angiography does not use subtraction,
it is not surprising that no misregistration artifacts (a score of
0) were observed for the images. By contrast, the two ob-
servers did not find any misregistration artifacts (a score of 0)
in the subtraction 3D TOF MR angiography images. Sub-
traction 3D TOF MR angiography did not deteriorate image
quality with misregistration artifacts.
With the selective display of arteries, the two observers
noted, respectively, that 21 of 36 (58.3%) and 27 of 36 (75%)
conventional 3D TOF MR angiography examinations showed
contamination by short T1 materials with no negative effect on
the diagnosis (a score of 1). By contrast, both observers
Fig. 1. Intracerebral hemorrhage in a 65-year-old male who presented with acute-onset right-sided weakness. (A) Axial T1-weighted image through the basal
ganglia showing a short T1 hematoma in the left cerebrum. (B) Axial conventional three-dimensional (3D) time-of-flight magnetic resonance (TOF MR)
angiogram of the circle of Willis showing a large short T1 hematoma obscuring the M1 segment of the left middle cerebral artery. For the selectively displayed
arterial anatomy, both observers assigned the image quality scores of 2. (C) Axial second set 3D TOF MR angiogram acquired with both superior and inferior
spatial saturation slabs showing most blood vessels as dark. The short T1 hematoma still appears bright. Multiple high signals (arrows) from the inflowing venous
system were inadvertently not removed in the case. (D) Axial subtraction 3D TOF MR angiogram clearly showing the M1 segment of the left middle cerebral
artery after removal of the hematoma. There is no aneurysm in the circle of Willis. The inadvertent high-signal venous contaminations in the second set of MR
angiograms do not affect the subtraction MR angiogram with our technique. Even so, there are still some venous structures (arrows) from incomplete suppression
on the image. For the selectively displayed arterial anatomy, both observers assigned the image quality scores of 0.
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angiography examinations showed no contamination by short
T1 materials (a score of 0). Subtraction 3D TOF MR angi-
ography yielded significantly better scores for the selective
display of arteries ( p < 0.0001).
With respect to arterial flow-related enhancement, the two
observers noted, respectively, that 21 of 36 (58.3%) and 18 of
36 (50%) conventional 3D TOF MR angiography examina-
tions revealed only moderate flow-related enhancement (a
score of 1). By contrast, although 21 of 36 (58.3%) subtraction
3D TOF MR angiography examinations revealed only mod-
erate flow-related enhancement, according to the observer 1 (a
score of 1), the number of cases with good flow-related
enhancement (a score of 0) increased from 8 to 11 afterusing the subtraction technique, whereas the number of cases
with poor flow-related enhancement (a score of 2) decreased
from 7 to 4. The observer 2 reported that 20 of 36 (55.6%)
subtraction 3D TOF MR angiography examinations showed
good flow-related enhancement (a score of 0). Subtraction 3D
TOF MR angiography yielded significantly better scores for
arterial flow-related enhancement ( p < 0.044) than did con-
ventional 3D TOF MR angiography.
4. Discussion
Chan et al introduced subtraction 3D TOF MR angiography
in 2003 for patients with subacute cerebral hemorrhage.4 In
their report, hyperintense subacute hematomas with
Fig. 2. Parasellar tumor in a 44-year-old female who presented with blurred vision for 2 years. (A) Axial T1-weighted image through the suprasellar cistern
showing a lobulated mass containing multiple short T1 nodules in the midline. (B) Oblique sagittal conventional three-dimensional (3D) time-of-flight magnetic
resonance (TOF MR) angiogram of the circle of Willis showing multiple aneurysm-like structures in the brain. For the selectively displayed arterial anatomy, both
observers assigned the image quality scores of 2. (C) Oblique sagittal subtraction 3D TOF MR angiogram showing a normal circle of Willis. For the selectively
displayed arterial anatomy, both observers assigned the image quality scores of 0. (D) Gadolinium-enhanced axial T1-weighted image showing multiple ring-
enhancing cystic structures around the mass. The aneurysm-like structures in the conventional 3D TOF MR angiogram (B) are thought to be short T1 compo-
nents within a tumor rather than true aneurysms with flow-related enhancements.
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angiographic images. Our study demonstrated similar results.
In addition to hemorrhage, tumors with short T1 relaxation
times may be related to the presence of intratumoral bleeding
with intra- or extracellular methemoglobin or a cystic
component with a high concentration of protein, fat, and/or
calcification.13 Data from our cases support the use of the
subtraction technique for such clinical applications.
Because of the nonspecific soft-tissue pattern on computed
tomography (CT) images, MRI is widely used in preoperative
evaluation and postoperative follow-up of cholesterol gran-
ulomas.14e16 Masses with high SI in the middle-ear cavities on
both T1- and T2-weighted images are characteristic of
cholesterol granulomas. However, the high SI, which is
thought to be due to the paramagnetic effect of methemo-
globin, may contaminate 3D TOF angiography, as occurred in
our cases. Without careful evaluation, using only 3D TOF
angiographic images may result in erroneously interpreting the
diagnosis as a vascular lesion. At our institution, subtraction3D TOF MR angiography can be used to explain the
nonvascular nature of the lesion.
The major disadvantage of subtraction 3D TOF MR angi-
ography is the long scan time needed for acquiring two sets of
3D TOF MR angiograms. The long scan time may further
increase the risk of misregistration artifacts. To obtain useful
data, we followed the suggestions of Chan et al.4 We
instructed patients on how to minimize head movements
before the MR scans, and the second set of 3D TOF MR an-
giograms with double spatial saturation slabs was always
immediately followed by conventional 3D TOF MR angio-
grams to minimize the time gap between the two sequences.
Suitable sedation was achieved before MR scans, if indicated,
by following the general procedure in our hospital. This may
explain why the two observers reported that subtraction 3D
TOF MR angiography showed no misregistration artifacts in
any of the cases in our study.
Our data also showed that subtraction 3D TOF MR angi-
ography yielded significantly better arterial flow-related
Fig. 3. Cholesterol granuloma in a 13-year-old female who presented with right hearing loss for a long time. (A) Axial T1-weighted image through the cer-
ebellopontine angles showing a dumbbell mass (arrows) with short T1 contents in the right middle-ear cavity and adjacent mastoid antrum. (B) Axial conventional
three-dimensional (3D) time-of-flight magnetic resonance (TOF MR) angiogram showing a suspected vascular lesion (arrows) in the right temporal bone. The high
signal intensity (SI) of the posterior pituitary lobe (arrowheads) can be visualized. (C) Axial subtraction 3D TOF MR angiogram showing no obvious vascular
lesion in the right temporal bone. The suspected vascular lesion on the conventional MR angiogram (B) has disappeared, indicating that it was a tumor mass. The
high SI of the posterior pituitary lobe was also removed by the subtraction method.
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We believe this result may be attributed to the high CNR with
the extensive suppression of the background MR signals in
subtraction 3D TOF MR angiography. The low SNR in the
subtraction technique seemed subjectively acceptable in our
study.Table 2
Results of SNR and CNR calculation for conventional and subtraction TOF MR a
Parameter Conventional TOF MR angiogr
SI in area of BA 446.4  113.0
SI in NAP 146.9  30.7
Noise 2.4  0.4
SNR in area of BA 194.3  62.3
CNR between area of BA and NAP 130.6  54.2
Unless otherwise specified, data are means  standard deviations. The p values ar
ratio; NAP ¼ normal-appearing parenchyma; SI ¼ signal intensity; SNR ¼ signalThe limitations of this study should be noted. As previously
mentioned, all of the patients were very cooperative. Alert but
uncooperative patients were usually referred for CT scans by
physicians in our hospital. This was a selection bias of our
study. In addition, all patients with intracranial diseases were
diagnosed based on imaging studies. Surgical interventionsngiography.
aphy Subtraction TOF MR angiography p
344.3  102.8 <0.0001
32.3  13.9 <0.0001
2.2  0.4 <0.0001
162.5  79.9 <0.0001
147.7  77.6 <0.003
e calculated with paired t test. BA ¼ basilar artery; CNR ¼ contrast-to-noise
-to-noise ratio; TOF MR ¼ time-of-flight magnetic resonance.
Table 3
Interobserver agreement for image qualitative variables (kappa index).
Image quality Interobserver agreement p
Conventional TOF MR angiography Misregistration artifacts 1.000
The selective display of arteries 0.649 <0.0001
Arterial flow-related enhancement 0.490 <0.0001
Subtraction TOF MR angiography Misregistration artifacts 1.000
The selective display of arteries 0.776 <0.0001
Arterial flow-related enhancement 0.488 <0.0001
TOF MR ¼ time-of-flight magnetic resonance.
Table 4
Qualitative results for conventional and subtraction TOF MR angiography.
Conventional TOF MR
angiography
Subtracted TOF MR angiography
Observer 1 Observer 2 Observer 1 Observer 2
Misregistration artifacts
0, no artifacts 36 36 36 36
1, artifacts presented without a negative effect on the diagnosis 0 0 0 0
2, artifacts presented with a negative effect on the diagnosis 0 0 0 0
The selective display of arteries
0, no contamination by the material with short T1 relaxation time 1 1 22 22
1, contamination presented without a negative effect on the diagnosis 21 27 13 13
2, contamination presented with a negative effect on the diagnosis 14 8 1 1
Arterial flow-related enhancement
0, good 8 15 11 20
1, moderate 21 18 21 14
2, poor 7 3 4 2
Data are number of participants. TOF MR ¼ time-of-flight magnetic resonance.
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hospital and the types of tumors were not clear in our study.
Only one of the patients with cholesterol granuloma received
surgical treatment, allowing for confirmation by a patholog-
ical examination. In addition, the objective evaluation of the
study was not performed on a per-vessel-segment basis. Only
the SI in the area of the BA was measured because other
intracranial arteries might be a little too small to be manually
drawn adequately. Finally, the sample size in this study was
small.
In conclusion, the results of our study suggest that sub-
traction 3D TOF MR angiography is more efficacious than
conventional 3D TOF MR angiography for the evaluation of
brain and temporal bone diseases with various unwanted
contaminations with short T1 relaxation times. The subtrac-
tion technique yields a better selective display of arteries and
arterial flow-related enhancement with higher CNR and
lower SNR than does the conventional method. In addition, it
does not deteriorate image quality with misregistration arti-
facts. We believe that subtraction 3D TOF MR angiography
is an effective solution for clinical application in select
patients.
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